Abstract
INTRODUCTION
Surface exploitation of useful mineral raw materials seriously disturbs the natural balance and environmental quality. The changes relate to the relief, regime of underground and surface water and microclimate. Also, the operationof mining equipment at the open pit creates dust and gases. Under the influence of natural air currents and thermal forces, these pollutants are released from the surface to the environment and atmosphere is contaminated. Emission of dust from the air pollutes the soil, water and plants in a wider area around the hoof [1] .
The quality of environment at the open pit and its surroundings can also be determined by a prognosis the impact of surface exploitation on the near and further environment using the mathematical models and data obtained by measuring the concentration of dust and gases in the working environment of the open pit.
Previous research, especially in the field of mining, has led to development of several models for assessment the impact of various harmful effects from the open pit to the environment, such as calculation the range and intensity of blasting gases, blasting dust, transport, crushing and seismic waves caused by blasting [2] . Also, the models, based on a probability of ecological catastrophes around and in mines have been elaborated [3] .
The basic characteristic of this research is specifically related to each individual type of pollution, without taking into account their integration and without determining which type of pollution is dominant. In other words, no comparison of all or most important types of pollution has been performed in order to rank them and determine the most difficult types of pollution. This is important because, when ranking is done, the managers who manage the open pit have an overview of the priorities and, accordingly, can properly direct energy and take the appropriate measures to suppress or reduce the most serious forms of environmental pollution around the open pit.
Measures taken in order to reduce or eliminate the harmful impact of the open pit on the environment are very complex and they involve several types of procedures. These procedures are mutually different and have different efficiencies in preventing or reducing the pollution. Due to this reason, the managers need to determine the best practices and apply them to achieve the best results. They can do this only if they determine the priorities, and this is best if this procedure is done on the basis of ranking the most important measures to prevent or reduce pollution.
One of the method of multi-criterion decision making, the AHP method, is used to rank various types of pollution and measures that are undertaken in order to reduce or eliminate the harmful effect of the open pit on the environment. The multi-criterion decision-making methods (MCDMs) can be defined as the process of selecting the most appropriate solution from a set of available alternatives, based on their performance in relation to a set of criteria for evaluation [4] . The MCDM methods are implemented to solve the real problems in a series of areas such as: sustainable development [5, 6] , economy [7] , mining [8, 9] , quality system [10] , management [11, 12, 13] , construction [14, 15] , education [16] , production [17, 18] , etc.
Also, these methods by extension or combining them are more effective tools for assisting in making the real decisions, for evaluating and selecting the personnel [19] , selection of personnel in the mining companies [20] , etc.
Today in the world and in Serbia, there are many software packages that enable fast setting up and solution of tasks from differrent fields (mining, mechanical and construction engineering, etc.). The best-known of these methods are the assessment models, the analytical hierarchy process -AHP, analytical networks of processes-AHP, TOPSIS, ELECTRE and PROMETHEE, as well as some of their combinations. The best known software program are QM for Windows, Electre, Expert Choice, Decision Lab, Criterium DecisionPlus.
EXPERIMENTAL PART
The damage of the environment by the open pit is reflected through  Land blocking (alternative A 1 ),  Land degradation (alternative A 2 ), and  Pollution of air, water, soil and plants (alternative A 3 ). Technological procedures for othe copper ore obtaining at the open pit create the pollution, which is concentrated in the zone around the open pit, and such a space is called the zone of increased impact, where the land is blocked. On blocked land, the field configuration retains its original appearance, only the people living and agricultural production are forbidden, and the plants from that zone are not propagated for the animal and human consumption. The land in this zone is acquisited by the mine.
Degraded soil occurs as a result of mining operations and the relief loses its original appearance. Instead of forests, orchards and arable land, the surfaces without the ability to self-eco-system are created. At the location where the deposits are exploited, the dents are formed in a form of funnel or crater. At the site of overburden (waste) disposal, the terrain is covered and the artificial hills-planes are created.
The mining activities at the open pit and landfills create pollution in a form of dust, gases, mineral water and noise, which affect the pollution of air, water, soil, plants and human health. The land is not acquisited in the zone of expressive impact (monitoring zone), zone of moderate impact and zone of possible impact, but the mine pays a compensation to the owners of the land for the resulting damage in the amount of income that would be realized on that land.
The most important environmental protection measures include:
 preventing the air pollution (alternative B 1 ),  detection of the landslides at the open pit and landfill sites of overburden (alternative B 2 ),  eliminate the possibility of contamination the underground and surface water, water from open pit and landfills (alternative B 3 ),  soil protection (alternative B 4 ),  plant protection (alternative B 5 ), and  health protection of the population (alternative B 6 ). Prevention of the air pollution is carried out applying the prescribed technical measures of protection, maintaining the proper dusting devices, respecting the designed operation technology, constant monitoring and measuring the air quality, etc. The most significant occurrence of air pollution comes from the following technological operations: drilling, blasting, loading of ore and waste, transportation of ore and waste, disposal of waste and ore (unloading) and ore crushing.
Detection of the landslide at the open pit and landfills of overburden are done by the instrumental observations. This implies setting up a network of benchmarks and tracking them. On the basis of the bench marks, the speed and mechanism of movement of the entire lkandslide is considered [21] .
Eliminate the pollution potential of the underground and surface water, water from the open pit and landfills is carried out applying the appropriate measures, within the designed solutions for drainage of the open pit (construction of the circumferential channels, concreted riverbed, water pumping using the pumps from the water tank at the open pitm, proper storage of waste oils and their return to the manufacturer for recycling, etc.).
Soil protection is carried out applying the technical measures of protection at the open pit, which prevent the raising of dust, remediation the degraded surfaces (preventing the raising of dust), etc.
Protection of plants against pollution is achieved applying the technical measures for protection at the open pit, suppression the formation and emission of dust (wet procedure), suppression the emission of gases, drainage the aggressive water from the open pit to the predetermined water collectors (pre-collectors), where they are treated by remediation the degraded areas [22] , etc.
Protection the health of population are measures that include prohibition to the people living in the sanitary protection zone, prohibition the agricultural production in the sanitary zone and using the plants from this zone for livestock and human research, cultivating certain plants in the monitoring zone, such as the root plants, grains (corn, wheat, rye, barley, oats), bean plants, then walnut, hazelnut and almond. Also, it is not recommended to cultivate the leafy vegetable crops in the zones of moderate and possible impact (spinach, cabbage and greens, then carrots, potatoes, garlic and onio).
In order to identify the most difficult types of pollution, the ranking of the most serious types of environmental pollution was performed. Ranking is done using the AHP method. In addition, the Criterion Decision Plus software was used for calculation.
The AHP is a quantitative technique that starts from decomposition a complex decision-making problem into a multidimensional hierarchical structure of goals, criteria, and alternatives. The AHP assesses the impact of tcriteria, compares the alternatives with respect to each criterion and performs the ranking of alternatives. The creator of the AHP method is Saaty, 1980 [23] .
Assessment the relative impact of each criterion and comparing the alternatives with respect to the criteria is done through a comparison matrix. Then, the weight coefficients for each element of the hierarchy is calculated and assessment a degree of consistency in order to check the consistency of the entire process.
Comparison of criteria and alternatives is done on the basis of the scale from 1 to 9 - Table 1 . Determining the final rank of alternatives is done by the synthesis of results obtained at all levels.
The process is as follows: First, the definition of the multi-dimensional hierarchical structure of objectives and alternatives is defined - Figure 1 . And, then the weight coefficients of the alternatives are determined using the scale of comparison given in Table 1 .
The results of comparisons are shown in Tables 2 and 3 . 
Figure 2 Pollution type overview
As it can be seen from Table 3 , the degree of consistency is 0.003, which is less than 0.1. The obtained results show that the most pollution type is A 3 -pollution of the air, water, soil and plants, alternatively A 2 -soil degradation is the second most important alternative, A 1 is the blocking of soil ( Figure  2) .
The following procedure is the ranking of the most important environmental pro tection measures.
Prior to calculation, definition of the multi-dimensional hierarchical structure of objectives and alternatives, Figure 3 , is then defined. After that, the weight coefficients of the alternatives are determined using the scale of comparison given in Table 1 . The results of comparisons are shown in Tables 4 and 5 . 
Figure 3 Ranking hierarchy (Criterion Decision Plus software)

Figure 4 Protection measures
As it can be seen from Table 5 , the consistency degree is 0.010, which is less than 0.1. The obtained results show that the most important measure of protection is the alternative B 6 -protection of the the population health; the second place is the alternative B 3 -elimination the possibility of contamination of the underground and surface water, water from the the open pit and landfill; the third place is the alternative B 5 -protection of plants; the fourth place is the alternative B4 -soil protection; the fifth place is the alternative B 1 -prevention the air pollution, and the sixth place is the alternative B 2 -landslide detection at the open pit and landfills of overburden (Figure 4 ).
ANALYSIS OF THE RESULTS
The analysis covers the most difficult forms of pollution, as well as the most important environmental protection measures for the open pit.
The results show that the most negative effect of the open pit on the environment is pollution of the air, water, soil and plants (alternative A 3 ). The reason is that these elements are the basis for the lives of people, animals and plant world. Any pollution that disturbs some or all of the above elements is very badly manifested in the health of the living world. Damage is the most often permanent and it is very difficult to correct the negative effects. In the second place is the land degradation (alternative A 2 ). This also represents a permanent damage to the environment, which can only be partially remedied by the remediation. Regarding the environmental protection measures, the most important are those related to the protection of the population health (alternative B 6 ). Protecting the population is the most important because preserving health and ensuring the conditions for a normal life of people is the primary task of all companies. In the second place is the alternative B 3 -eliminating the possibility of contamination the underground and surface water, open pit and landfill water. Water is one of the most important conditions for the life existence. Preservation the water resources and watercourses ensures the existence of this resource and its safe use, both by the humans, and animals and plants. In the third place is the alternative B 5 -plant protection. This measure is also important because it ensures the survival of plants, which is a precondition for survival of animals, as well as people in the end. The fourth place is the alternative B 4 -land protection. The land protection provides a condition for the plant growth, animal survival, development of agriculture, etc. In the fifth place is the alternative B 1 -prevention the air pollution. Although the air pollution is the most pronounced at the open pit, and to a lesser extent in the environment of the excavation, the use of modern protective measures can significantly reduce this risk. In the sixth place is the alternative B -detection og the landslides at the open pit and landfills of overburden. Landslides that appear at the open pit represent a major danger for the open pit. They endanger the employees, as well as the equipment and installations that operate at the open pit. Measures to prevent the landslide appearance include the proper execution of the works, respect the designed excavation geometry, monitoring, etc.
CONCLUSION
This paper presents the ranking of all types of environmental pollution in order to identify the most serious pollution types, as well as the most important environmental protection measures in order to determine the most important measures. The three most difficult types of pollution are analyzed: land blocking (Alternative A 1 ), soil degradation (alternative A 2 ) and appearance the other forms of pollution (dust, gases, mineral waters and noise, which affect the pollution of the air, water, soil, plants and human health) (alternative A 3 ). Also, six types of environmental protection measures -prevention the air pollution (alternative B 1 ), detection the landslides at the open pit and landfills of overburden (alternative B 2 ) were considered, eliminating the possibility of contamination the underground and surface water, water from the open pit and landfills (alternative B 3 ), soil protection (alternative B 4 ), plant protection (alternative B 5 ) and health protection of the population (alternative B 6 ).
Ranking was done using the AHP method for the multi-criteria decision-making. On the basis of the obtained results, the most severe type of pollution is determined, which is the alternative A 3 (pollution of the air, water, soil and plants). As far as the environmental protection is concerned, the most important is protection of the population health (alternative B 5 ). The advantages of this analysis are in using the AHP method to find the best solution, that is, determining the most severe type of pollution and the most important environmental protection measures. Also, this method can be used to solve the other important problems and making decisions, not only in mining, but also in the other areas.
